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© AdTustabla-phaee-power divider apparatus. 

® A phase-shifter apparatus which imposes a desired phase 
shift on an electromagnetic wave traveling through a 
waveguide, and divides the power in en output waveguide 
into two parts. The phase shifter apparatus Includes a 
quarter-wave plate for changing the polarization of the 
ilnearty polarized wave to a circularly polarized wave, a rod of 
ferromagnetic materiel with e magnetic field for Imposing a 
desired phase shift on the circularty polarized wave traveling 
through the rod, a quarter-wave plate for converting the circu- 
larly polarized wave to a linearly polarized wave, and e sep- 
tum polarizer in the output wave guide for dividing the power. 
•The output waveguide has the power divided between two 
ports, and Independent phase shifts are Imposed on the elec- 
tromagnetic waves of each port 
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BACKGROUND OP THE INVENTION 

This invention relates to guided electromagnetic wave trans- 
mission systems, and more particularly to phase changing and 
S power dividing apparatus used in such systems. 
DESCRIPTION OF THE PRIOR ART 

Perrite phase shifters find application, for example, in the 
i control of the pointing direction of a phased array antenna. A 
phased array antenna comprises a number of individual radiating 
elements. The pointing direction of the array is determined by 
the relative phase of the electromagnetic energy coupled to each 
individual radiating element. Control of such phase can be per- 
formed with a ferrite phase shifter. 

The pointing direction of the resultant antenna beam is de- 
pendent on the relative phase of energy coupled to the radiating 
elements. Command signals allow rapid change of the relative 
phase of energy coupled to the radiating elements driven by 
different phase shifters. The spatial distribution and phase 
control of the radiating elements may be arranged to permit scan- 
ning in a single angular direction (e.g. azimuth or elevation) or 
to permit simultaneous selection of beam pointing direction in 
each of two angular directions (e.g. azimuth and elevation). In 
the case of scanning in two directions, it is generally necessary 
to set the phase angle uniquely at each radiating element in 
'order to attain high performance levels over wide scan angles. 
.It is also desirable to maintain differences in amplitude of the 
radiated signal from elements at different locations in the an- 
-ijtenna array. For these reasons, prior high performance, two di- 
rection scanning phased-array antennas have required the use of 
one phase shifter per radiating element to provide the necessary 
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! phase differences, with necessary amplitude differences 
| established by a power distribution scheme. 

' A reciprocal ferrite phase shifter typically converts a lin- 

early polarised electromagnetic wave to a circularly polarized 

' wave, and subsequently converts the circularly polarised wave 
back to a linearly polarized wave. While the electromagnetic 

: wave is in the circularly polarized state the desired phase shift 
is imposed by means of magnetic bias fields. This phase shift 

* appears in the electromagnetic wave when it is subsequently con- 
verted to a linearly polarized wave. Devices used to change po- 
larization .and impose a desired phase shift typically comprise a 
quarter-wave plate, and the half -wave plate, respectively. 

More specif ically, certain types of ferrite phase shifters 
convert incident linearly polarized microwave signals to circu- 
larly polarized waves, Which are controlled to provide the de- 
sired phase shift characteristics by means of magnetic bias 
fields imposed in the ferrite from external circuits, and which 
are subsequently converted back to linearly polarized signals and 
coupled to the device output. One such type is the device de- 

j scribed in U.S. Patent No. 3,510,675 in which the variable phase 

j shift results from control of a longitudinal magnetic bias field 

Iin the region where a circularly polarized wave propagates. This 
phase shifter type will be herein designated as a "dual-mode" 
type device. A second such type is the device described in U.S. 
Patent No. 2,787,765 in which the variable phase shift results 
from rotation of a transverse magnetic bias field that estab- 
lishes a half -wave plate characteristic located between fixed 
: quarter-wave plates. This phase shifter type will be herein des- 
! ignated as a "rotary-field" type device. 



Various enhancements to the dual-mode phase shifter have 
been offered, such as those described in U.S. Patent No. 
3,698,008 and U.S. Patent No. 3,736,535. These enhancements in- 
volve modifications and additions to the basic phase shifter 
structure to effect changes of the polarization transmitted and 
received by the phase shifter. Variations to the rotary- field 
phase shifter have also been offered, such as that described in 
U.S. Patent No. 4,201,961. The main objective has been to 
achieve unidirectional phase shift and other nonreciprocal char- 
acteristics. In the prior art, quarter-wave plates of fixed 
angular orientation are used and the phase shifter output' waves 
are coupled to a single waveguide or radiating element. Such 
prior art devices do not provide for a phase shifter which can 
drive, for example, two radiating elements with a different phase 
and amplitude for each element. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a single 
phase shifter having two outputs and in which the differential 
phase angle between the two outputs is controlled independently 
of the absolute phase shift of either output. 

It is another object of the present invention to provide a 
phase shifter having a single input and two outputs with the 
power of an electromagnetic wave incident on the input selec- 
tively divided between the output waveguides. 

It is a further object of the present invention to provide a 
phase shifter apparatus vftiich has an input and two outputs, in 
which the power of an incident electromagnetic wave from the 
input is selectively divided between the two outputs, and in 
which electromagnetic waves at the two outputs have a selectable 



differential phase angle with respect to each other and have an 
independently selectable phase angle with respect to the input 
electromagnetic wave. 

According to the present invention, as embodied and broadly 

5 described herein, an adjustable-phase power divider is provided 

comprising a first quarter-wave plate, a variable phase section 
coupled to the first quarter-wave plate, a second rotatable 
quarter-wave plate coupled to the variable phase section and a 
septum polarizer coupled to the rotatable quarter-wave plate. In 

10 a first species of the subject invention, the quarter-wave plate 

includes a fixed magnetic quarter-wave plate which, for example, 
can be a non-reciprocable ferrite fixed quarter-wave plate? the 
variable phase section includes means for establishing a variable 
longitudinal magnetic bias field in the region of the variable 

15 phase section, and, for example , can be a latching ferrite; and 

the second rotatable quarter-wave plate includes a rotatable mag- 
netic quarter-wave plate which can be embodied as a non- 
reciprocal ferrite rotatable quarter-wave plate. 

According to a second species of the present invention, the 

20 first quarter-wave plate includes a fixed ceramic dielectric 

quarter-wave plate; the second quarter-wave plate includes a 
rotatable non-reciprocal quarter-wave plater the variable phase 
section includes means for establishing a rotatable transverse 
magnetic bias field in the region of the variable phase section, 

25 which field establishes a half-wave plate characteristic, and 

this section may, for example, include a rotatable non-reciprocal 
half -wave plate? and in addition this second species further 
includes a 45 degree Faraday rotator between the second quarter- 
wave plate and the septum polarizer, which can, for example, 

30 comprise a reciprocal fixed permanent magnet 45 degree rotator. 
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The present invention may also be viewed as in£luaing~an 
adjustable-phase power divider comprising first means for con- 
verting a linear electromagnetic wave to a circularly polarized 
electromagnetic wave, second means for varying the phase of the 
circularly polarized electromagnetic wave, third means for con- 
verting the circularly polarized electromagnetic wave to a lin- 
early polarized electromagnetic wave aligned at a selectably ad- 
justable angle , and fourth means for dividing the selectably 
jj aligned electromagnetic wave into its circularly polarized compo- 
10 -jnents as a function of the adjustable angle. In one species, the 
! first and third means for converting include non-reciprocal 
means; and the second means for varying includes a latching 
'jferrite. In an alternative species the first means is recipro- 
cal; the second means comprises a rota table magnetic half-wave 
| plate; the third means is non-reciprocal; and the adjustable- 
! phase power divider includes a fifth means located between the 
; third and fourth means for rotating the selectably aligned elec- 
^romagnetic wave 45 degrees. This fifth means preferably 
includes a non- reciprocal ferrite. In either species, the fourth 
means preferably comprises a septum polarizer. 

Additional objects and advantages of the invention will be 
set forth in part in the description which follows, and in part 
will be obvious from the description, or may be learned by prac- 
tice of the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 



15 



20 \ 



25 



HENDERSON 



The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate a preferred 
embodiment of the invention and, together with the description, 
serve to explain the principles of the invention. 
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Fig* 1 is a block diagrammatic view of a first embodiment of 
a variable phase shifter power divider constructed according to 
the present invention; 

Fig. 2 is a block diagrammatic view of a second embodiment 
of a variable phase shifter power divider constructed according 
to the present invention; and 

Fig. 3 is a block diagrammatic view of an alternate form of 
the second embodiment of a variable phase shifter power divider 
constructed according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present prefer- 
red embodiments of the invention, examples of which are illus- 
trated in the accompanying drawings. 

Referring to Fig. 1, a preferred embodiment of a 
longitudinal-field phase shifter apparatus 8 is shown comprising 
an input waveguide 10, coupling section 12 , resistive film layer 
14 , and ceramic coupling section 16. Input waveguide 10 couples 
a linearly polarized electromagnetic wave to phase shifter 
apparatus 8 through coupling section 12 which serves partially to 
match impedance between input waveguide 10 and phase shifter 
apparatus 8 and partially to absorb any cross -polar! zed reflected 
waves. Coupling section 12 couples a first linearly polarized 
electromagnetic wave from input waveguide 10 to phase shifter 
apparatus 8. As is well-known to those skilled in the art, cou- 
pling section 12 may include a resistive film layer 14 sandwiched 
between sections of coupling section 12 and sections of ceramic 
coupling section 16. Coupling section 16 is attached to coupling 
section 12 and effects maximum power transfer between input wave- 
guide 10 and phase shifter apparatus 8. 



A fixed quarter-wave plate 20 converts the input, linearly 
polarised, electromagnetic wave to a circularly polarized elec- 
tromagnetic wave. As illustrated in Fig, 1, a nonreciprocal 

i quarter-wave plate 20 may include a fixed magnetic quarter-wave 
plate having a solid cylindrical rod of ferrimagnetic material 26 

.Encircled at one portion by a permanent magnet structure 18. 
Solid cylindrical ferrite rod 26 extends the length of phase 
shifter apparatus 8, between coupling section 16 and coupling 
section 36 which will described below. A variable phase section 
24 imposes the desired phase shift on the circularly polarized 
electromagnetic wave passing through phase shifter apparatus 8. 
As illustrated in Fig. 1, variable phase section 24 may include 
means for establishing a variable longitudinal field within a 
portion of cylindrical ferrite rod 26. This longitudinal magnet- 
ic field is induced by a coil 46 controlled by a current applied 
at terminals 42. This longitudinal field is provided a return 
path through yoke 22. Variable phase section 24 may comprise a 

•latching ferrite. 

Shielding 28 for ferrite rod 26 may, for example, comprise a 
conductive layer. Shielding 28 extends the entire length of fer- 
rite rod 26 and connects to waveguides 10 and 38, to establish 
the outer wall of a waveguide about rod 26. 

; In accordance with the present invention there is provided 

means for converting a circularly polarized electromagnetic wave 
to a linear electromagnetic wave which, most importantly, is 
aligned at a selectably adjustable angle. This adjustment of 
this angle is totally independent of the phase shift imparted to 
the circularly polarized wave. 
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As Illustratively shorn in Pig, 1 by way of example "and not 
limitation, a second nonreciprocal quarter-wave plate 32 is shown 
! which includes a rotatable magnetic quarter-wave plate. The 
rotatable magnetic quarter-wave plate is a significant modifica- 
tion of dual-mode phase shifters, since this rotation allowB the 
plane of polarization of the signal traveling from left to right 
in Pig. 1 to be selectively rotated to an arbitrary angle. 
Rotatable magnetic quarter-wave plate 32 includes the aforemen- 
tioned ferrite rod 26 which is encircled by an electromagnetic 
yoke 30. Rotatable magnetic quarter-wave plate 32 transforms 
circularly polarized electromagnetic waves in variable phase 
section 24 to a linearly polarized electromagnetic wave, with 
this electromagnetic wave retaining the phase shift imposed on it 
from section 24, and with the orientation of the resultant lin- 
early polarized wave being selectably independent of this phase 
shift. 

Ceramic coupling section 36 is attached to one end of 
ferrite rod 26 , and effects maximum power transfer between 
rotatable magnetic quarter-wave plate 32 and output waveguide 38. 

Septum polarizer 40 is formed at output waveguide 38 and may 
be dielectric filled. Septum polarizer 40 divides the selectably 
aligned electromagnetic wave from rotatable magnetic quarter-wave 
plate 32 into circularly polarized components as a function of 
the adjustable angle of that wave. Thus, if the wave from 
quarter-wave plate 32 is perfectly linear, septum polarizer 
effects an even power split of that incident wave, with the phase 
of each of the two output electromagnetic waves being different. 
The relative phase difference between the two output electromag- 
netic waves depends on the orientation of the linearly polarized 

-8- 
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incident wave relative to the plane of the tapered or stepped fin 
of septum polarizer 40. In other words, the relative phase dif- 
ference between the two output waves is dependent on the adjust- 
able angle of the incident wave created by operation of rotatable 
magnetic quarter-wave plate 32. However, as will be more fully 
explained below, the relative phase difference between either 
output wave and the wave incident to apparatus 8 may be indepen- 
dently adjusted by operation of variable phase section 24, Thus, 
complete dependent adjustment of the two output waves may be 
achieved . 

Moreover, if rotatable magnetic quarter-wave plate 32 is op- 
erated, as should be fully understood by those skilled in the 
art, to provide less than complete linear polarization of the 
circularly polarized wave in section 24, the two outputs of sep- 
turn polarizer 40 are uneven as a function of the degree of 
circular polarization remaining in the wave incident to septum 
polarizer 40, as is also described in more detail below. 

The action of quarter-wave plates and half-wave plates upon 
electromagnetic waves propagating through phase shifter apparatus 
is described and explained, for example, by Pox in U.S. Patent 
No. 2,438,119, which is expreBsly incorporated herein by refer- 
ence. The effect of ferrite quarter-wave plates and ferrite 
half-wave plates, in particular, is discussed by Fox in U.S. Pat- 
ent No. 2,787,765, which is expressly incorporated herein by ref- 
erence. A quarter-wave plate, in general, is effective to con- 
vert linearly polarized electromagnetic energy propagating 
therethrough in either direction into a circularly polarized 
electromagnetic wave. Half -wave plates, in general, are effec- 
tive to reverse the sense of circularly polarized electromagnetic 
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energy propagating therethrough in either direction, for example, 
from right circularly polarized energy to left circularly polar- 
ized energy, and to change the phase of the electromagnetic ener- 
gy propagating therethrough as a function of the angular rotation 
5 Ijof the half-wave plate relative to the fixed quarter-wave plates. 

||Such phase change referred to throughout the description of the 

operation of the present invention is in addition to the inherent 
» insertion phase characteristics of the total phase shifter 
apparatus introduced by fixed magnetic quarter-wave plate 20, 
10 longitudinal variable phase section 24 and rotatable magnetic 

quarter-wave plate 32. The input and output waveguides 10- and 
38 , respectively, function to support only linearly polarized 
electromagnetic waves. 

Fig. 2 shows a preferred embodiment of phase shifter 
15 apparatus 51 which includes an input wave guide 50, coupling 

section 52, resistive film layer 54, and coupling section 56. 
Input waveguide 50 couples a linearly polarized electromagnetic 
wave to the phase shifter apparatus 51* Coupling section 52 
serves partially to match impedance of the input waveguide 50 and 

1 1 

'phase shifter apparatus 51 and partially to absorb any cross- 
polarized reflected waves. Coupling section 52 couples a lin- 
early polarized electromagnetic wave from input waveguide 50 to 
phase shifter apparatus 51. Coupling section 52 includes a 
resistive film layer 54 sandwiched between sections of coupling 
25 section 52 and between sections of coupling section 56. Coupling 

section 56 which is attached to coupling section 52, effects max- 

* imum power transfer between input waveguide 50 and phase shifter 

I! 



| apparatus 51. 

i 
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A reciprocal fixed dielectric quarter-wave plate 60 is il- 
lustrated in Pig. 2 which changes the polarization of the input 
linearly polarized electromagnetic wave to that of a circularly 
polarized electromagnetic wave. Impedance matching section 61 of 
the dielectric quarter-wave plate 60 effects maximum power 
transfer between coupling section 56 and the dielectric differen- 
tial phase section 63 of the dielectric quarter-wave plate 60. 
Ceramic matching section 62 of the dielectric quarter-wave plate 
60 effects maximum power transfer between dielectric differential 
phase section 63 of the dielectric quarter-wave plate 60 and fer- 
rite rod 72. Ferrite rod 72 extends the length of phase shifter 
apparatus 51 , between matching section 62 and matching section 78 
described below. 

A rotary field variable phase section 66 is provided in 
apparatus 51 of Fig. 2 which imposes the desired phase shift on 
the circularly polarized electromagnetic wave from quarter-wave 
plate 60 and changes the sense of polarization, for example , from 
right circularly polarized electromagnetic wave to that of a left 
circularly polarized electromagnetic wave. Rotatable magnetic 
half-wave plate 66 is connected to matching section 62. 

In accordance with the present invention there is provided 
means for converting a circularly polarized electromagnetic wave 
to a linear electromagnetic wave with a plane of polarization 
which r most importantly, is aligned at an independently adjust- 
able angle. This wave is then preferably rotated an additional 
45 degrees in a nonreciprocal Faraday rotator. 

For example, as illustratively shown in Fig. 2 rotatable 
magnetic half-wave plate 66 is connected to a .nonreciprocal 
rotatable magnetic quarter-wave plate 68. Rotatable magnetic 
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quarter-wave plate 68 includes ferrite rod 72 encircled by" an 
electromagnetic yoke 70 . Rota table quarter-wave plate 68 con- 
verts the circularly polarized electromagnetic wave in rotary 
field variable phase section 66 to that of a linearly polarized 
electromagnetic wave. Rota table magnetic quarter-wave plate 68 
is in turn coupled to nonreciprocal , fixed permanent magnet 
rotator 76 which imposes a 45-degree nonreciprocal rotation of 
the plane of polarization of the linearly polarized electromagne- 
tic wave from quarter-wave plate 68. Faraday rotator 76 includes 
rod 72 encircled by a permanent magnet 74 producing an axial mag- 
netic field in the adjacent portion of rod 72. 

Matching section 78 is provided to effect maximum power 
transfer between rod 72 and output waveguide 80. As embodied 
herein, matching section 78 includes one or more quarter-wave 
sections having characteristic impedances in particular ratios to 
the impedance of rod 72 and output waveguide 80. Conductive 
layer 82 encircles ferrite rod 72 to form the outer wall of a 
waveguide. Septum polarizer 84 effects an even power split for 
linearly polarized electromagnetic waves incident from matching 
section 78. 

An alternative embodiment of a variable phase shifter and 
power divider of Fig. 2 is depicted in Fig. 3. Like parts are 
numbered as in Fig. 2. The structure of Fig. 3 is distinguished 
from the structure of Fig. 2 in that optional ceramic spacers 100 
and 102 can be inserted between sections of ferrite rod 26. Fer- 
rite rod may comprise sections 104, 106 and 108. Conductive 
layer 82 encircles rod sections 104, 106, and 108; first and 
second ceramic spacers 100 and 102; fixed dielectric quarter-wave 
plate 60; and coupling section 56 and matching sections 62 and 78 
so as to form the outer wall of a waveguide* 
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The present invention of e power divider with en adjustable 
phase and amplitude includes a dual-mode ferrite phase shifter as 
illustrated by way of example in Fig. 1 and rotary-field ferrite 
phase shifter as illustrated by way of example in Figs* 2 and 3. 
This invention allows a single structure to drive two radiating 
'elements with signals of arbitrary phase and differential ampli- 
tude, and in comparison with the prior art, this permits the 
' number of phase shifter devices to be reduced by one half for the 
same number of antenna elements. 

In both the dual-mode phase shifter embodiment and the 

. rotary- field phase shifter embodiment of this invention, the wave 

i 

incident on the output quarter-wave plate ideally has perfect 
circular polarization. The properties of the output quarter-wave 
plate are such that the incident, circularly polarized wave is 
converted to a linearly polarized wave. The orientation of this 
linearly polarized wave is in one-to-one correspondence with the 
orientation of the principal axes of the output quarter-wave 
plate. Thus, when the principal axes of the rota table quarter- 
jwave plate are turned through a particular angle, the plane of 
jpolarization of the linearly polarized wave will turn through the 
same angle. This angle, in part, determines the differential 

phase angle between the two output electromagnetic waves. 

l \ 

!■ The septum polarizers 40 and 84 in Figs. 1, 2 and 3 have 

I 

characteristics such that linearly polarized energy applied to a 
square or circular waveguide input will divide evenly in power 

il 

, between two rectangular waveguide outputs, because the phase dif- 

|j 

inference between the two outputs will vary at twice the value at 



Which the angle of the plane of polarization of the input wave 
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polarisation of the incident linear wave will change the' "relative 
phase of the two equal -amplitude output waves by 180-degrees. 
These changes in differential phase angle will be effected by 
turning the principal axis of the rotatable quarter-wave plate 
through an appropriate angle. 

It is well known that the phase-angle determination for a 
circularly polarized wave changes in one-to-one correspondence 
with rotation of the measurement reference plane. Because of 
this phenomenon, electrically turning of the rotatable quarter- 
wave plate has the effect of changing the insertion phase of the 
phase shifter itself. When the rotatable quarter-wave plate is 
turned through a particular angle , the insertion phase of the 
phase shifter will increase or decrease by the same angle value, 
the direction of variation depending on the sense , i*e., right or 
left circular polarization, of the circularly polarized wave 
incident from the variable-phase section to the quarter-wave 
plate section. The change of insertion phase angle produced by 
this phenomenon uniformly affects both outputs from the septum 
polarizer. The net effect is that for turning the rotatable 
quarter-wave plate through a particular angle, the total inser- 
tion phase is ideally unchanged for one of the septum polarizer 
outputs, while the other output experiences a change of phase 
angle equal in magnitude to an angle twice as great as the 
turning angle of the rotatable quarter-wave plate. 

In the case of the power divider using a rotary-field phase 
shifter with the added means for inducing a 45-degree Faraday ro- 
tation by device 76 of Figs. 2 and 3, the septum polarizer output 
waveguide having no change of insertion phase in one direction of 
transmission When the rotatable quarter-wave plate is turned, 

-14- 
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will also have no change in the other direction of transmission. 
. The insertion phase characteristics of this power divider type, 
therefore, will be reciprocal, neglecting constant non-reciprocal 
amounts. For a power divider using a dual-mode phase shifter 
configuration, the septum polarizer ports with insert phase unaf- 
fected by turning of the rotatable quarter-wave plate will.be 
different for the two directions of propagation. This condition 
results from the fact that the sense of circular polarization in 
the variable-phase region of the dual-mode phase shifter is oppo- 
site for the two propagation directions. As a consequence, a 
non-reciprocal insertion phase amount, dependent on the orienta- 
tion of the principal axes of the rotatable quarter-wave plate, 
will exist for the power divider using a dual-mode phase shifter 
configuration. This characteristic can be acceptable for use in 
15 a phased-array antenna in which the adjacent-element phase dif- 

ference is uniform over the entire array, in this case, the non- 
reciprocal insertion phase will be the same for all power di- 
viders and the antenna patterns for the transmitting and 
receiving will be identical. 

In order to produce a difference of amplitude between the 
septum polarizer output waveguides, it is only necessary to vary 
the value of insertion phase difference along the principal axes 
of the rotatable quarter-wave plate, in the nominal case, an in- 
sertion phase difference of 90-degrees is chosen, and this choice 
25 produces a linearly polarised wave, with equal power division by 

the septum polarizer, when a circularly polarized wave is inci- 
dent from the variable-phase section. By adjusting the phase 
difference away from 90-degreea, an elliptically polarized wave 
; wil1 Produced at the input to the septum polarizer instead of 
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a linearly polarised wave. The septum polarizer will act the 
elliptically polarized wave to produce an amplitude imbalance 
between the two outputs , with the direction of imbalance depen- 
dent on the sense, i.e., right or left circular polarization, of 

5 the ellipticity and the amount of the imbalance dependent on the 

degree of ellipticity. Phase relations as presented above will 
be preserved, Where the orientation of the major axes of the el- 
lipse has the same effect as the orientation of the plane of po- 
larization of the linearly polarized wave - 

10 It will be apparent to those skilled in the art that various 

modifications can be made to the adjustable-phase power divider 
apparatus of the instant invention without departing from the 
scope or spirit of the invention, and it is intended that the 
present invention cover modifications and variations of the sys- 

15 tern provided they come within the scope of the appended claims 

and their equivalents. 
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WHAT IS CLAIMED IS t "~ 
*• adjustable-phase power divider comprising t 

a) a first quarter-wave plate; 

b) a variable phase section coupled to said first 
quarter-wave plate; 

c) a second rotatable quarter-wave plate coupled to 
said variable phase section; and 

d) a septum polarizer coupled to said second 
rotatable quarter-wave plate. 

2. An adjustable-phase power divider of claim 1 wherein; 

a) said first quarter-wave plate comprises a fixed 
magnetic quarter-wave plate; and 

b) said second quarter-wave plate comprises a 
rotatable magnetic quarter-wave plate. 

3. An adjustable-phase power divider of claim 1 wherein; 

a) said first quarter-wave plate comprises a 
nonreciprocal ferrite fixed quarter-wave plate; and 

b) said second quarter-wave plate comprises a 
nonreciprocal ferrite rotatable quarter-Wave plate. 

4. An adjustable-phase power divider of claim 1, 2 or 3 
wherein said variable phase section comprises means for 
establishing a variable longitudinal magnetic bias field in the 
region of said variable phase section. 

5. An adjustable-phase power divider of claim 4 wherein 
said variable phase section comprises a latching ferrite. 



k*h or net % 
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6. An adjustable-phase power divider of claim 1 wherein* 

a) aaid first quarter-wave plate comprises a fixed 
ceramic dielectric quarter-wave plate t 

b) said second quarter-wave plate comprises a 
5 rotatable magnetic quarter-wave plate t and 

wherein said divider further comprises a 45 degree Far- 
aday rotator between said second quarter-wave plate and said sep- 
tum polarizer. 

7. An adjustable-phase power divider of claim 1 wherein* 

a) said first quarter-wave plate comprises a fixed 

reciprocal quarter-wave plate; 

b) said second quarter-wave plate comprises a 
5 rotatable nonreciprocal quarter-wave plate? and 

wherein said divider further comprises a nonreciprocal 
45 degree Faraday rotator between said second quarter-wave plate 
and said septum polarizer. 

8» An adjustable-phase power divider of claim 1. 6 or 7 
wherein said variable phase section comprises means for 
establishing a rotatable transverse magnetic bias field in the 
region of said variable phase section, which field establishes a 
5 : half-wave plate characteristic. 

9. An adjustable-phase power divider of claim 8 wherein 
said variable phase section comprises a rotatable nonreciprocal 
half-wave plate. 

10. An adjustable-phase power divider of claim 6 or 7 
wherein 45 degree Faraday rotator comprises a fixed permanent 
magnet • 
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11. An adjustable-phase power divider comprising t 

a) first means for converting a linear electromag- 
netic wave to a circularly polarised electromagnetic wave; 

b) second means for varying the phase of said circu- 
larly polarized electromagnetic wave; 

; c) third means for converting said circularly polar- 

ized electromagnetic wave to a linear electromagnetic wave 
aligned at a eelectably adjustable angle; and 

d) fourth means for dividing said seiectabiy aligned 
electromagnetic wave into its circularly polarized components as 
a function of said adjustable angle. 

12. An adjustable-phase power divider of claim 11 wherein 
said first and third means are non-reciprocal* 

13. An adjustable-phase power divider of claim 12 wherein 
said second means cbmprises a latching ferrite. 

14. An adjustable-phase power divider of claim 11, 12 or 13 
wherein said third means comprises a longitudinal-field variable 
phase section. 

t 15. An adjustable-phase power divider of claim 14 wherein 
Baid fourth means comprises a septum polarizer. 

16. An adjustable-phase power divider of claim 11 wherein 
said first means is reciprocal and said third means is non- 

! reciprocal. 

i 

17. An adjustable-phase power divider of claim 16 wherein 
Jsaid second means comprises a rotatable magnetic half -wave plate. 

18. An adjustable-phase power divider of claim 16 wherein 
said second means comprises a rotary field variable phase 
section . 

i 
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19. An adjustable-phase power divider of claim 11, 16 or 17 • 
further comprising fifth means located between said third and , 
fourth means for rotating said selectably aligned electromagnetic 
wave 45 degrees. 

( l 20. An adjustable-phase power divider of claim 19 wherein 
; Laid fifth means comprises a nonreeiprocal ferrite. 

j| 21. An adjustable-phaee power divider of claim 20 wherein 

•i 

ij said fourth means comprises a septum polarizer. 

i i 
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